Transition metal oxides possess unique properties for energy storage devices. In this study, Co-Ni-Mn ternary metal oxide (Co-Ni-Mn-O) was synthesized in a facile way. Co-Ni alloy was first prepared by chemical reduction and then oxidized by potassium permanganate. MnO2 was thus covered on the Co-Ni oxides. The Co-Ni-Mn-O has high electrochemical activity and can be used for supercapacitor electrode. The Co-Ni-Mn-O demonstrates high specific capacitance as well as excellent rate capability and stability, which is promising for energy storage applications.
INTRODUCTION
The energy crisis enables people to look for renewable energy to replace fossil fuel. However, the well-known renewable energies such as solar energy, wind energy are unstable. They need to be stored and released in a controlled way [1] [2] [3] . Therefore, the energy storage devices have received considerable attention in recent years [4] [5] [6] [7] [8] [9] . Compared with Li-ion battery, supercapacitor possesses higher power density, lower price, faster charging rate and longer stability [10] . However, the low energy density of supercapacitor limits its wide application. The conventional materials used in the supercapacitor are carbon-based material. The capacitance of the carbon material is less than 400 F g -1 . Therefore, the search for high performance is urgent need. In the past decades, scientists found that transition metal oxides, conducting polymer can store charges through Faradic reaction [11] [12] [13] [14] , which is so called pseudo-capacitive materials. The specific capacitance of this type of materials can reach up to 3000 F g -1 if the materials are rational designed. Therefore, different type of pseudo-capacitive materials has been extensively studied.
Transition metal oxides such as Co, Mo oxides, possess super high theoretical capacitance value. For instance, the theoretical capacitances for CoO and NiO are 4292 and 2584 F g -1 , respectively [15] . The combination of two or more transition metal oxides together can potentially reduce the inner resistance of the material and improve the stability of the materials due to the synergistic effects [16] [17] [18] . Furthermore, the potential windows of the supercapacitor can be effectively enlarged [19] . The binary oxides such Ni-Co, Ni-Mn, Co-Mn oxides have been well studies [20] [21] [22] . However, the ternary oxide of Co-Ni-Mn was rarely reported. In this study, Co-Ni-Mn was prepared in a facile way. Co-Ni alloy can be easily obtained from the solution by chemical reduction. The Co-Ni alloy is high active prepared in this way, which is always used as the catalyst for hydrogen generation [23] . On the other hand, potassium permanganate has high oxidative potential, which can potentially oxidize the Co-Ni alloy and form Mn oxides on the surface Co-Ni oxides at same time. Based on this concept, the Co-Ni-Mn oxide was prepared. The obtained the Co-Ni-Mn oxide was characterized by physicochemical methods and electrochemical measurements in detail.
MATERIALS AND METHODS

Synthesis of Co-Ni-Mn-O
Chemicals used in this study are from commercial sources and analytical grade. A typical procedure to prepare Co-Ni-Mn oxide is as follow: 1 g of CoSO4 and 0.5 g of NiSO4 were dissolved in 100 mL acetonitrile under stirring. Then a solution (10 mL) containing 2 g of NaBH4 was added to the above solution dropwise. The mixture was stirred for 2 h. Next, the solution was filtered and the black solid was washed and dried. The power was denoted as Co-Ni-B. Then 0.1 g of Co-Ni-B was dispersed in 10 mL potassium permanganate (0.001 M) and stirred for 2 h. The solid was centrifuged and wash several times with distilled water. Finally, the sample was dried in an oven for 6 h. The sample was denoted as Co-Ni-Mn-O.
Characterization
The samples were characterized with scanning electron microscopy (SEM, QUATA200), Transmission electron microscope (TEM, Tecnai G2 F20) images, Powder X-ray diffraction (XRD, D8 Advance), X-ray photoelectron spectroscopy (XPS, ESCA250). Detailed information and experimental conditions can be found in our previous work [24] .
Electrochemical tests
The electrochemical tests were performed on an electrochemical analyzer (CHI 660a, China) [25] . The working electrode was prepared with the established procedure [26] . The active material on the electrode is 80 mg. The Ag/AgCl and platinum foil were enlisted as reference and counter electrode, respectively. Figure 1 shows the XRD patterns of Co-Ni-B and Co-Ni-Mn-O. No obvious peak can be observed in the pattern of Co-Ni-B, demonstrating an amorphous nature [27] . After the oxidation, Co-Ni-Mn-O shows two additional peaks at 35.5° and 58.9°, which can be indexed to the (101) and (211) of MnO2 (PDF No. 04-0591). These results suggest that potassium permanganate was reduced to MnO2. However, Co and Ni oxides do not shows obvious featured peaks, possibly because of the overlapping of MnO2. The surface morphologies of the sample were observed by SEM. As shown in Figure 2 , Co-Ni-B is composed of porous nanosheets (Figure 2a,b ). It has shown that Co-B based alloy synthesized under acetonitrile solution can form nanosheets structure. The nanosheets can be easily accessed by the electrolyte ions and thus improve the electron transfer. After the deposition of MnO2 nanoparticles on the Co-Ni-B nanosheets, the surface of the sample became rough (Figure 2c,d) . The aggregated MnO2 nanoparticles were covered on the Co-Ni-B nanosheets.
RESULTS AND DISCUSSION
Characteristics of composite samples
More detailed morphological information of the samples was observed by TEM. The Co-Ni-B nanosheets shows wrinkled surface (Figure 3a,b) . The deposited MnO2 nanoparticles were uniformed distributed on Co-Ni-B nanosheets (Figure 3c,d) . The size of the MnO2 is about 10 nm. These results are consistent with previous reports [28] . The separation of Co 2p1/2 and Co 2p3/2 is over 15 eV, indicating the coexistence of Co 2+ and Co 3+ [29] . In Figure 4c , the XPS spectrum of Ni 2p can also be fitted into two spin-orbit doublets (873.5 and 855.8 eV) and two shakeup satellites (861.6 and 880.1 eV). The main Ni 2p3/2 peak is close to 854.9 eV for Ni 2+ but much lower than 857.1 eV for Ni 3+ , suggesting valence state of Ni is +2, For the high resolution XPS of Mn2p (Figure 4d ), two broad peaks of Mn 2p3/2 and 2p1/2 are at 642.7 and 653.9 eV, respectively, demonstrating that Mn 4+ ions were dominant in the products. These results demonstrate the oxides presented in Co-Ni-Mn-O are Co3O4, NiO, and MnO2. 
Electrochemical characterization of Co-Ni-Mn-O
The electrochemical measurements were conducted in 6 M KOH solution. Figure 5 shows the galvanostatic charge-discharge (GCD) curve of Co-Ni-Mn-O and Co-Ni-B. The two electrodes were The impedance is a useful tool to investigate the electrochemical reaction on the electrode [38, 39] . Figure 6 Figure 7 shows the cyclic voltammetry (CV) curves of Co-Ni-Mn-O with different scan rates. A pair of redox peaks was observed in the CV curves, indicating the Faradic reactions take place on the electrode. When the scan rate increased from 5 to 120 mV s -1 , the separations of the peak potential do not increase too much, indicating a fast electron transfer and good stability [40] . The rate capability is a crucial factor for supercapacitors. The rate capability of the Co-Ni-Mn-O electrode was investigated by charging-discharging the electrode at different current density. Figure  8 shows the GCD curves of Co-Ni-Mn-O at 0.5, 1, 2,4, 10 A g -1 . The calculated specific capacitances of the electrode are 811.8, 746.4, 702.7, 647.5, 603.2 F g -1 at 0.5, 1, 2, 4, 10 A g -1 , respectively. The capacitance at 10 A g -1 can retain 74.3% of that at 0.5 A g -1 , demonstrating excellent high rate capability. The stability determines the feasibility of the application of supercapacitors directly. Therefore, to check the potential application of the Co-Ni-Mn-O electrode, the cycling stability was studied by charging-discharging the electrode for 3000 cycles. As revealed in Figure 9 . After 3000 cycles running, the Co-Ni-Mn-O electrode can keep 86.5 % capacitance of its initial stage, suggesting a remarkable stability. 
CONCLUSIONS
A simple way to prepare Co-Ni-Mn-O ternary oxides was developed in this study. The ternary oxides were identified as Co3O4, NiO and MnO2. The ternary oxides demonstrate excellent electrochemical properties, which is suitable for fabrication the high-performance supercapacitor electrode. A high capacitance of 811.8 F g -1 can be achieved at 1 A g -1 . Furthermore, the rate capability and stability of the Co-Ni-Mn-O electrode are found be excellent. These features enable the Co-Ni-Mn-O electrode to be a good candidate for energy storage devices.
